Supplementary Materials and Methods

The Yangtze Basin
The Yangtze River (or Changjiang in Chinese) is the longest river in Asia, and one of the largest river systems in the world. It originates from the Qinghai-Tibet Plateau and flows 6 400 km eastward to the East China Sea. Its drainage area covers 1.8×10 6 km 2 , comprising about 1/5 of Chinese land area.
The Yangtze Basin is located in the subtropical monsoon climate zone, with an average annual precipitation of 1 100 mm. Spread throughout the basin are carbonaceous sedimentary minerals (limestone, sandstone and shale), comprising about half (44%) of the land area 2 . The chemistry in the Yangtze River is thus governed by carbonate rock weathering, with HCO 3 -and Ca 2+ dominating the major ion composition 9, 14 . Coal and ore deposits, rich in sulfides (e.g. pyrite), interbedded in the sedimentary rocks are rather common in the Yangtze Basin 9,14,21 .
The Yangtze Basin is the most important industrial region in China, generating 40% of the total national industrial production value. Agricultural land comprises 14% of the watershed, providing 40% of China's cereal production. Since the middle of last century, the basin has been subject to significant anthropogenic pollution, with acid rain being a regional environmental problem since the 1970s 9,41 .
Furthermore, widespread acid mining drainage has contributed significantly to the total acid loading through oxidation of sulfides to sulfuric acid in gangue and ore slag deposits 21 . Total loading of reactive nitrogen has also increased in the basin during the past 30 years, mainly due to nitrogen fertilization and increased emissions of NOx from fuel burning 42 . Concurrently, agricultural soils in the Yangtze
Basin have become acidified due to overuse of nitrogen fertilizer 16 . Ammonium (NH 4 + ) has become a major pollutant in Yangtze River along with a rapid growth in urbanization along the river. Data from the Chinese national pollutant census state that 6.77×10 5 t NH 4 -N, mainly from domestic sewage, is discharged annually into the Yangtze River and its tributaries 18 . ) Si ) consumes 2 equivalent H + due to the formation of non-ionic ortho-silicic acid (eq. S11). The proton consumption by silicate mineral weathering (W Si ) is thus expressed by eq. S13.
DIC equilibrium calculation
α × = × + × + × × + × × = × + = + + + − − ] [ ] [ ] [ 2 ] [ ] [ ] [ 2 ] [ ] [ 2 1 1 2 2 1 1 2 3 3 DIC K K H K H K K H K DIC CO
Proton budget
It is assumed that all acid inputs are consumed through chemical weathering and alkalinity loss (-△Alk) within the basin. This is sound since the pH at Datong hydrological station remains stable and high through strong buffering by high bicarbonate concentrations. The acidity budget of the Yangtze Basin can thus be expressed by eq. S14.
(eq. S14)
DIC budget calculation
The input-output budget of DIC is expressed by eq. S15. Weathering releases DIC to the Yangtze Discharge in eq. S15 denotes the DIC flux delivered to the sea, and was set equal to the efflux at Datong hydrological station. The difference between inputs and discharge is defined as the river processed DIC. This flux includes the CO 2 outgassing and fixation by aquatic primary producers through photosynthesis. Outgassing of riverine DIC occurs through two mechanisms: The major process is protonization of bicarbonate due to the proton loading and dehydration of carbonic acid, with a quantity that is equal to the reduction in inorganic carbon alkalinity (i.e. -△Alk in eq. S14). The minor one is from the oxidation of DOC. Global estimates show that about 70% of the DOC is oxidized to CO 2 in inland watercourses, estuaries and coastal regions [23] [24] [25] [26] [27] . The rest of the DOC is either precipitated in lakes, reservoirs, estuaries, or ocean and is defined as 'Assimilation' in eq. S15. Figure   S2c and S2d).
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Terrestrial acidification and chemical weathering
Contributions of carbonate weathering to river chemistry can also be evaluated using the strontium (Sr) concentration and its isotope ratio. Figure S3c and S3d). In contrast to carbonic weathering (eq. S16), carbonate dissolution by strong acids (eq. S17, S18) releases bicarbonate derived only from sedimentary paleocarbon in the carbonate minerals.
Aquatic acidification and DIC outgassing
There are two major sources for external acid loading to the Yangtze River. In sub-catchments devoid of carbonates, residual acidity (mainly as Al indicates that NH 4 + increases the H + production while decreases (i.e. consuming) DO in river, which complies conceptually with the nitrification process (eq. S8). This PC1s explain 45.6 and 47.0% of the temporal variations in the measured parameters at Zhutuo and Jiujiang sites, respectively. Nitrification and resulting acid loading are therefore assessed to be the major components governing the water quality changes during past 21 years. Parameter loading plots from PCA of the regional water quality variations at the 19 key and 105 regular cross sections are shown in Figure S5c and S5d, respectively.
The loading plots a to d in Figure S5 appear generally similar. Acidification due to ammonium nitrification is therefore claimed to be the main governing mechanism for both temporal and spatial variations in these water quality parameters. In other words, the ammonium discharged with sewage is acidifying the Yangtze River.
Even though the river has been suffering from continuous acidification, substantial pH drops can not be expected in the Yangtze River. This is due to the fact that chemical weathering, especially carbonate weathering, delivers alkalinity to the river which efficiently is consuming the external acid
loadings. Theoretical calculations demonstrate that nearly all of the total acid loading is consumed by protonation of dissolved carbonates, giving rise to a negligible proton (H + ) increase ( Figure S6 ). The results indicate therefore instead that the external acid input is mainly consumed by protonation of bicarbonate, enhancing CO 2 evasion as the system is open to the atmosphere. At any given DIC level, acid loadings elevate the CO 2 partial pressure (P CO 2 , along vertical axis of Figure S7 ), leading to enhanced CO 2 evasion. Furthermore, at any given acid loading P CO 2 increases with the DIC (along horizontal axis of Figure S7 ). This implies that the increase in DIC flux resulting from land acidification, as argued above, is augmenting the river outgassing of CO 2 . Within a conceivable range of acid (i.e. 50-200 μmol L -1 ) and DIC (500-2 500 μmol L -1 ) loading, there remains enough residual alkalinity to buffer river pH, keeping it stable. We therefore conclude that aqueous acidification in the Yangtze River accelerates the gas evasion of inorganic carbon, causing a significant release of CO 2 to the atmosphere, instead of causing a decline in pH. 
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